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basis of a detection signal from the obstacle detection sensor 
29 , wherein the brake controller 27 limits a braking force of 
the automatic brake device when the height h of the front 
working device 101 is equal to or greater than a predeter 
mined height h1 , or the vehicle speed v is equal to or greater 
than a predetermined vehicle speed vl , and the obstacle has 
been detected by the obstacle detection sensor 29 . 
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WORK VEHICLE 

TECHNICAL FIELD 

that automatically applies braking to the vehicle body , a 
vehicle speed sensor that detects a vehicle speed of the 
vehicle body , a posture detection sensor that detects a height 
of the front working device , an obstacle detection sensor that 
detects an obstacle present in surroundings of the vehicle 
body , and a controller that controls the operation of the 
automatic brake device on the basis of a detection signal 
from the obstacle detection sensor , wherein the controller 
limits a braking force of the automatic brake device in a case 
where the height of the front working device detected from 
the posture detection sensor is equal to or greater than a 
predetermined height , or the vehicle speed detected by the 
vehicle speed sensor is equal to or greater than a predeter 
mined vehicle speed , and the obstacle has been detected by 
the obstacle detection sensor . 

[ 0001 ] The present invention relates to a work vehicle 
such as a wheel loader . More specifically , the present inven 
tion relates to a work vehicle provided with an automatic 
brake function that reduces the damage caused by collision 
with an obstacle . 
[ 0002 ] BACKGROUND ART 
[ 0003 ] In a wheel loader that is an example of a work 
vehicle , a front frame is coupled to the front side of a rear 
frame to be swingable in the left - right direction , and a front 
working device including a lift arm , a bucket , and the like is 
mounted on the front frame . Also , an operating room is 
provided in the front portion of the rear frame , and an engine 
room and a counterweight are provided in the rear portion of 
the rear frame . A working device lever , an accelerator pedal , 
and the like are disposed in the interior of the operating 
room , and an operator boarding the operating room operates 
the working device lever and the accelerator pedal to operate 
the front working device , thereby performing various works , 
such as excavation and loading . 
[ 0004 ] A driving assisting system for securing the safety 
of a worker working around the work vehicle has been 
required in recent years , and Patent Literature 1 discloses a 
tire roller in which when an obstacle detection sensor 
mounted on a vehicle body detects that the work vehicle and 
the worker come closer to each other , the vehicle body is 
emergency - stopped by operating a negative brake . 

Advantageous Effects of Invention 
[ 0009 ] According to the work vehicle according to the 
present invention , it is possible to reduce the damage caused 
by collision with the obstacle while preventing the vehicle 
posture from becoming unstable . It should be noted that 
objects , configurations , and effects other than the foregoing 
will be apparent from the description of the following 
embodiment . 

BRIEF DESCRIPTION OF DRAWINGS 

CITATION LIST 

Patent Literature 

[ 0005 ] Patent Literature 1 : Japanese Patent Application 
Laid - Open No. 2016-153558 

SUMMARY OF INVENTION 

[ 0010 ] FIG . 1 is a side view of a wheel loader according 
to an embodiment of the present invention . 
[ 0011 ] FIG . 2 is a configuration diagram illustrating the oil 
hydraulic circuit and the electric circuit of the wheel loader . 
[ 0012 ] FIG . 3 is an explanatory view illustrating the 
relationship between the vehicle speed at each speed stage 
and the driving force . 
[ 0013 ] FIG . 4 is an explanatory view illustrating the 
relationship between the stepping amount of an accelerator 
pedal and the target engine rotational speed . 
[ 0014 ] FIG . 5 is a block diagram of a main controller and 
a brake controller . 
[ 0015 ) FIG . 6 is an explanatory view illustrating the 
relationship between the braking force of an automatic brake 
device and time . 
[ 0016 ] FIG . 7 is a flowchart illustrating the processing 
procedure of the brake controller according to a first 
example . 
[ 0017 ] FIG . 8 is a flowchart illustrating the processing 
procedure of the brake controller according to a second 
example . 

Technical Problem 

[ 0006 ] In Patent Literature 1 , the wheel loader is given as 
an application example other than the tire roller , so that in 
applying the technique described in Patent Literature 1 to the 
wheel loader , it is possible to emergency - stop the vehicle 
body by operating the automatic brake when the wheel 
loader and the worker come closer to each other . However , 
in the work vehicle having the front working device , such as 
the wheel loader , the operation in which it travels in the state 
of lifting the front working device and in the loading state is 
assumed , so that when the automatic brake is operated in 
such states , a problem arises that the posture of the vehicle 
body becomes unstable . 
[ 0007 ] The present invention has been made from such 
conventional art circumstances and an object of the present 
invention is to provide a work vehicle in which it is possible 
to reduce damage caused by collision with an obstacle while 
preventing vehicle posture from becoming unstable . 

DESCRIPTION OF EMBODIMENT 

[ 0018 ] An embodiment of the present invention will be 
described below with reference to FIGS . 1 to 8 . 
[ 0019 ] FIG . 1 is a side view of a wheel loader 100 that is 
an example of a work vehicle according to the embodiment 
of the present invention . The wheel loader 100 includes a 
vehicle body including a front frame 110 and a rear frame 
120 , and a front working device 101 provided in the front 
portion of the vehicle body . The front frame 110 and the rear 
frame 120 are coupled to be turnable each other by a center 
pin 102 , and the front frame 110 is bent to the left and right 
with respect to the rear frame 120 by the extension and 
retraction of a steering cylinder , not illustrated . 
[ 0020 ] The front frame 110 is provided with a pair of left 
and right tires 6F and the front working device 101. The rear 

Solution to Problem 
[ 0008 ] To achieve the above object , the representative 
present invention provides a work vehicle including a 
vehicle body , a speed stage switch that changes a speed stage 
of the vehicle body , a front working device provided in a 
front portion of the vehicle body , an automatic brake device 
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frame 120 is provided with a pair of left and right tires 6B , 
an operating room 121 that an operator boards , an engine 
room 122 in which an engine ( described later ) and the like 
are mounted , and a counterweight 124 for holding the 
balance of the vehicle body . The front working device 101 
has an arm 111 , a bucket 112 , an arm cylinder 115 , a bucket 
cylinder 116 , and the like . The aim 111 is turned in the 
up - down direction ( or is moved upward or downward ) by 
driving the aim cylinder 115 , and the bucket 112 is turned in 
the up - down direction ( crowded or dumped ) by driving the 
bucket cylinder 116 . 
[ 0021 ] FIG . 2 is a configuration diagram illustrating the oil 
hydraulic circuit and the electric circuit of the wheel loader . 
FIG . 3 is an explanatory view illustrating the relationship 
between the vehicle speed at each speed stage and the 
driving force . FIG . 4 is an explanatory view illustrating the 
relationship between the stepping amount of an accelerator 
pedal and the target engine rotational speed . 
[ 0022 ] The wheel loader 100 according to this embodi 
ment controls the traveling of the vehicle body by a traveling 
driving system of the torque converter type , and as illus 
trated in FIG . 2 , includes an engine 1 , a torque converter 2 
that has an input shaft coupled to the output shaft of the 
engine 1 , a transmission 3 coupled to the output shaft of the 
torque converter 2 , and a main controller 10 that controls 
each device such as the engine 1 . 
[ 0023 ] The torque converter 2 is a fluid clutch including an 
impeller , a turbine , and a stator which are known , and the 
rotation of the engine 1 is transmitted through the torque 
converter 2 to the transmission 3. The transmission 3 has a 
hydraulic clutch that shifts its speed stage to first to fourth 
speeds , and the rotation of the output shaft of the torque 
converter 2 is speed - changed by the transmission 3. The 
rotation after the speed change is transmitted through a 
propeller shaft 4 and axles 5 to the tires 6F and 6B , so that 
the wheel loader 100 travels . 
[ 0024 ] The transmission 3 is a speed change gear having 
a plurality of solenoid valves corresponding to the first to 
fourth speed stages each having the highest speed as illus 
trated in FIG . 3 , and speed - changes the rotation of the output 
shaft of the torque converter 2. The selection of the first to 
fourth speed stages is performed by a speed stage switch 8 
provided in the operating room 
[ 0025 ] When the operator selects the desired speed stage 
by the speed stage switch 8 , a speed stage signal related to 
the selected speed stage is outputted from the speed stage 
switch 8 to the main controller 10. Then , the main controller 
10 outputs the speed stage signal to a transmission control 
section 9 to drive each of the plurality of solenoid valves of 
the transmission 3 according to the speed stage signal . 
[ 0026 ] As illustrated in FIG . 3 , the highest vehicle speed 
at the first speed stage is set to S1 , the highest vehicle speed 
at the second speed stage is set to S2 , the highest vehicle 
speed at the third speed stage is set to S3 , and the highest 
vehicle speed at the fourth speed stage is set to S4 . It should 
be noted that the magnitude relationship between S1 , S2 , S3 , 
and S4 is S1 < S2 < S3 < S4 . In FIG . 3 , the first speed stage is 
indicated by a solid line , the second speed stage is indicated 
by a dashed line , the third speed stage is indicated by an 
alternate long and short dash line , and the fourth speed stage 
is indicated by an alternate long and two - short - dash line . 
[ 0027 ] In this embodiment , the “ first speed stage ” is a 
speed stage selected for the excavation operation of the 
wheel loader 100. The second speed stage ” corresponds to 

a low speed stage selected when the wheel loader 100 travels 
toward a dump truck , not illustrated , in the loading opera 
tion , that is , for the rise run operation , and the highest 
vehicle speed thereof is set to , for example , 9 to 15 km / h . 
The “ third speed stage ” and the “ fourth speed stage ” are 
speed stages selected , for example , when the wheel loader 
100 travels on a haulage load . 
[ 0028 ] The selection of the traveling direction , that is , the 
forwarding or the reversing of the wheel loader 100 is 
performed by a forward / reverse changeover switch 11 pro 
vided in the operating room 121. Specifically , when the 
operator performs switching to the forwarding position by 
the forward / reverse changeover switch 11 , a forward / reverse 
switching signal indicating the forwarding is outputted to the 
main controller 10 , and the main controller 10 outputs , to the 
transmission control section 9 , an instruction signal for 
bringing the forwarding clutch of the transmission 3 into the 
engaging state . When the transmission control section 9 
receives the instruction signal related to the forwarding , a 
clutch control valve provided in the transmission control 
section 9 is operated to bring the forwarding clutch into the 
engaging state , thereby switching the traveling direction of 
the vehicle body to the forwarding . The reversing of the 
vehicle body is also switched by the same mechanism . 
[ 0029 ] In the traveling driving system of the torque con 
verter type , first , the operator steps on an accelerator pedal 
12 provided in the operating room 121 to rotate the engine 
1 , thereby rotating the input shaft of the torque converter 2 
with the rotation of the engine 1. Then , the output shaft of 
the torque converter 2 is rotated according to a set torque 
converter speed ratio , and as described above , the output 
torque from the torque converter 2 is transmitted to the tires 
6F and 6B through the transmission 3 , the propeller shaft 4 , 
and the axles 5 , so that the wheel loader 100 travels . 
[ 0030 ] Specifically , the stepping amount of the accelerator 
pedal 12 detected by an accelerator stepping amount detec 
tor 13 is inputted to the main controller 10 , and the target 
engine rotational speed is outputted as an instruction signal 
from the main controller 10 to an engine control section 7 . 
When the engine control section 7 receives the instruction 
signal related to the target engine rotational speed , the 
number of rotations of the engine 1 is controlled according 
to the target engine rotational speed . As illustrated in FIG . 2 , 
the rotational speed of the engine 1 is detected by an engine 
rotational speed sensor 14 provided on the output shaft side 
of the engine 1 . 
[ 0031 ] As illustrated in FIG . 4 , the stepping amount of the 
accelerator pedal 12 and the target engine rotational speed 
are in a proportional relationship , and as the stepping 
amount of the accelerator pedal 12 is larger , the target engine 
rotational speed becomes higher . Thus , the rotational speed 
of the output shaft of the torque converter 2 rises to increase 
the vehicle speed . As illustrated in FIG . 2 , the vehicle speed 
is detected as the rotational speed of the propeller shaft 4 by 
a vehicle speed sensor 15 . 
[ 0032 ] It should be noted that in FIG . 4 , in the range in 
which the stepping amount of the accelerator pedal 12 is 0 % 
to 20 or 30 % , the target engine rotational speed is constant 
at a lowest target engine rotational speed Vmin irrespective 
of the stepping amount of the accelerator pedal 12. Also , in 
the range in which the stepping amount of the accelerator 
pedal 12 is 70 or 80 % to 100 % , the target engine rotational 
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speed is constant at a highest target engine rotational speed 
Vmax irrespective of the stepping amount of the accelerator 
pedal 12 
[ 0033 ] In this way , in the relationship between the step 
ping amount of the accelerator pedal 12 and the target engine 
rotational speed , in the predetermined region in which the 
stepping amount of the accelerator pedal 12 is small , the 
target engine rotational speed is set to be maintained to the 
lowest target engine rotational speed Vmin , and in the 
predetermined region in which the stepping amount of the 
accelerator pedal 12 is large , the target engine rotational 
speed is set to be maintained to the highest target engine 
rotational speed Vmax . It should be noted that these settings 
can be arbitrarily changed . 
[ 0034 ] The driving force of the propeller shaft 4 is trans 
mitted to each of the axles 5 through a differential device , 
not illustrated . The differential device includes gears for 
transmitting the driving force of the propeller shaft 4 to the 
axle 5 , and a disc brake ( brake device ) 50 of the wet 
multi - plate type mounted on the axle 5. The gears are 
accommodated in a differential body , and the disc brake 50 
is accommodated in a brake case . The differential body and 
the brake case are continuously connected to provide an 
integral case , and a brake cooling oil for cooling the gears 
and the disc brake 50 is accommodated in the interior of the 
case . 

[ 0035 ] When supplied with a hydraulic oil through a brake 
valve 20 , the disc brake 50 generates a braking force 
according to the pressure of the operating fluid . The brake 
valve 20 is a pressure reduction valve that reduces the 
pressure of a pressure oil supplied from a hydraulic power 
source 21 of the hydraulic oil to the pressure according to the 
compression force of a spring 20a . When a brake pedal 22 
provided in the operating room 121 is depressed by the 
operator to compress the spring 20a according to the step 
ping force of the brake pedal 22 , the brake valve 20 reduces 
the pressure of the pressure oil supplied from the hydraulic 
power source 21 such that the pressure of the pressure oil is 
a pressure according to the stepping force of the brake pedal 
22. As the compression force of the spring 20a is higher , that 
is , as the stepping force of the brake pedal 22 is larger , the 
brake valve 20 reduces the pressure of the hydraulic oil such 
that the hydraulic oil having a high pressure is supplied to 
the disc brake 50 . 
[ 0036 ] The brake valve 20 is provided in a duct 23a , and 
a directional solenoid valve 24 and a proportional solenoid 
valve 25 that are the configuring members of an automatic 
brake device are provided in a duct 23b connected in parallel 
to the duct 23a . The duct 23a and the duct 23b are respec 
tively connected two input ports of a shuttle valve 26 , and 
the output port of the shuttle valve 26 is connected to the disc 
brake 50. The shuttle valve 26 selects the higher one of the 
pressures of the duct 23a and the duct 23b . 
[ 0037 ] The directional solenoid valve 24 is switching 
operated to two positions of on / off by a switching signal 
from a brake controller 27 , and opens or closes the duct 23b 
to control the flow of the pressure oil supplied from the 
hydraulic power source 21. Specifically , when an automatic 
brake changeover switch 28 is off ( during the non - operation 
of the automatic brake device ) , the directional solenoid 
valve 24 is at the closed position to close the duct 23b , and 
when the automatic brake changeover switch 28 is on 
( during the operation of the automatic brake device ) , the 
directional solenoid valve 24 is switched to the open posi 

tion to open the duct 23b . The proportional solenoid valve 
25 is operated at an opening degree according to a control 
electric current ( for example , 4 to 20 mA ) that is a brake 
operation instruction from the brake controller 27 , and 
continuously controls the flow rate of the pressure oil 
flowing through the duct 23b according to the electric 
current value of the control electric current . 
[ 0038 ] The main controller 10 and the brake controller 27 
configure the controller of the present invention , and the 
automatic brake changeover switch 28 is connected to the 
brake controller 27. When the operator operates the auto 
matic brake changeover switch 28 to the on position , the 
brake controller 27 switches the automatic brake device 
from the stop state to the operation state ( standby state ) . It 
should be noted that the operation of the automatic brake 
device will be described later in detail . 
[ 0039 ] An obstacle detection sensor 29 , a display device 
30 , and an alarm device 31 are respectively connected to the 
brake controller 27. The obstacle detection sensor 29 is a 
stereo camera installed at a predetermined position of the 
rear portion of the vehicle body , for example , near the 
counterweight 124 , and in place of the stereo camera , a 
monocular camera , a millimeter radar , a laser beam ( three 
dimensional laser ) , and the like can also be used . The 
obstacle detection sensor 29 is a sensor that detects the 
presence or absence of an obstacle present rearward of the 
vehicle body , and the obstacle is another work vehicle , a 
worker or a person concerned entering and leaving a work 
site , a structural object at the work site , and the like . 
[ 0040 ] The display device 30 is a monitor installed in the 
operating room 121 , and the display screen of the display 
device 30 displays the operation state of the automatic brake 
device , the number of rotations of the engine , the vehicle 
speed , and the like . The alarm device 31 is a speaker and a 
buzzer installed in the operating room 121 , and generates an 
alarm sound to notify the operator when the relative distance 
between the vehicle body and the obstacle is short , and 
during the operation of the automatic brake device . 
[ 0041 ] Also , as illustrated in FIG . 2 , the wheel loader 100 
includes a hydraulic pump 32 that is driven by the engine 1 
to supply the hydraulic oil to the front working device 101 , 
a hydraulic oil tank 33 that stores the hydraulic oil , an arm 
operation lever 34 for operating the arm 111 , a bucket 
operation lever 35 for operating the bucket 112 , and a 
control valve ( directional control valve ) 36 that controls the 
flow of the pressure oil supplied from the hydraulic pump 32 
to each of the aim cylinder 115 and the bucket cylinder 116 . 
[ 0042 ] When the operator operates the arm operation lever 
34 , for example , in the direction lifting the arm 111 , a pilot 
pressure according to its operation amount is generated . 
Then , the generated pilot pressure acts on the control valve 
36 , and the spool in the control valve 36 performs stroke 
according to the pilot pressure . The hydraulic oil discharged 
from the hydraulic pump 32 flows through the control valve 
36 into the arm cylinder 115 , thereby extending the rod of 
the arm cylinder 115 . 
[ 0043 ] Also for the operation of the bucket 112 , like the 
operation of the arm 111 , the pilot pressure generated 
according to the operation amount of the bucket operation 
lever 35 acts on the control valve 36 , so that the opening area 
of the spool of the control valve 36 is controlled to adjust the 
amount of the hydraulic oil flowing into and out of the 
bucket cylinder 116 . 
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[ 0044 ] An angle sensor 37 and a steering angle sensor 38 , 
in addition to the speed stage switch 8 , the forward / reverse 
changeover switch 11 , the accelerator stepping amount 
detector 13 , the engine rotational speed sensor 14 , and the 
vehicle speed sensor 15 , which have been described above , 
are connected to the main controller 10. The angle sensor 37 
is a posture detection sensor that detects the posture ( height ) 
of the front working device 101 , and is provided on the base 
end side of the arm 111 ( the end on the opposite side of the 
bucket 112 ) . The steering angle sensor 38 detects the steer 
ing angle of a steering , not illustrated , provided in the 
operating room 121 , and the traveling direction of the wheel 
loader 100 is changed according to the steering angle of the 
steering 
[ 0045 ] Next , the configurations and the functions of the 
main controller 10 and the brake controller 27 will be 
described with reference to FIGS . 5 to 8 . 
[ 0046 ] FIG . 5 is a block diagram illustrating the functions 
that the main controller 10 and the brake controller 27 have . 
FIG . 6 is an explanatory view illustrating the relationship 
between the braking force of the automatic brake device and 
time . FIG . 7 is a flowchart illustrating the processing pro 
cedure of the brake controller 27 according to a first 
example . FIG . 8 is a flowchart illustrating the processing 
procedure of the brake controller 27 according to a second 
example . Each of the main controller 10 and the brake 
controller 27 includes , as a hard configuration , a calculation 
processing device having a CPU , a ROM and a RAM that 
are memory devices , other peripheral circuits , and the like . 
[ 0047 ] As illustrated in FIG . 5 , the main controller 10 has 
an input section 40 , a calculation section 41 , and an output 
section 42. Various processes by the main controller 10 are 
achieved such that the CPU , not illustrated , loads a program 
stored in a storage device , such as an HDD , and the like , to 
memory , and executes it . 
[ 0048 ] The input section 40 acquires each of data about 
the traveling direction of the vehicle body outputted from 
the forward / reverse changeover switch 11 , the vehicle speed 
outputted from the vehicle speed sensor 15 , the height of the 
front working device 101 outputted from the angle sensor 
( posture detection sensor ) 37 , and a steering angle outputted 
from the steering angle sensor 38 . 
[ 0049 ] When the traveling direction of the vehicle body is 
the reversing , the calculation section 41 calculates the 
vehicle speed v of the vehicle body , the height h of the front 
working device 101 , and a steering angle on the basis of 
the detection data of the respective sensors 15 , 37 , and 38 . 
The output section 42 outputs , to the brake controller 27 , the 
vehicle speed v of the vehicle body , the height h of the front 
working device 101 , and the steering angle o calculated by 
the calculation section 41 . 
[ 0050 ] The brake controller 27 has a determination section 
43 , a storage section 44 , and an instruction signal output 
section 45. Various processes by the brake controller 27 are 
achieved such that the CPU , not illustrated , loads the pro 
gram stored in the storage device such as the HDD and the 
like to the memory , and executes it . 
[ 0051 ] The determination section 43 acquires each of data 
about the operation state of the automatic brake device 
outputted from the automatic brake changeover switch 28 
and the distance between the vehicle body and the obstacle 
outputted from the obstacle detection sensor 29 , and at the 
presence of the obstacle in the operation state of the auto 
matic brake device , performs the determination of the brak 

ing control mode of the brake on the basis of the vehicle 
speed v of the vehicle body , the height h of the front working 
device 101 , and the steering angle o outputted from the 
output section 42 of the main controller 10 . 
[ 0052 ] In this embodiment , two braking control modes of 
the brake are set according to each of elements of the vehicle 
speed v , the work machine height h , and the steering angle 
0. The first braking control mode is a sudden braking control 
mode Q in which the vehicle posture including the front 
working device 101 is close to the traveling posture and the 
influence on the vehicle posture is small even if the sudden 
braking is performed . The second braking control mode is a 
first limit braking control mode Q1 in which the vehicle 
posture including the front working device 101 is slightly 
unstable as compared with the traveling posture , and the 
vehicle posture can become unstable if the sudden braking 
is performed 
[ 0053 ] The storage section 44 stores a table representing 
the relationship between the braking force and time in the 
sudden braking control mode Q and the first limit braking 
control mode Q1 , and the determination section 43 outputs 
an instruction signal corresponding to each of the braking 
control modes Q and Q1 to the instruction signal output 
section 45. Also , the storage section 44 stores alarm thresh 
old values and brake operation threshold values , which will 
be described later , such that they are associated with the 
sudden braking control mode Q and the first limit braking 
control mode 01 . 
[ 0054 ] FIG . 6 is an explanatory view illustrating the 
relationship between the braking force and time in the 
sudden braking control mode Q and the first limit braking 
control mode Q1 . As illustrated in FIG . 6 , in the sudden 
braking control mode Q in which the influence on the 
vehicle posture is small even if the sudden braking is 
performed , the sudden braking is performed so that the 
braking force is maximum immediately after the operation 
of the automatic brake device , for applying a normal brake 
braking force . Also , in the first limit braking control mode 
Q1 in which the vehicle posture can become unstable if the 
sudden braking is performed , the gentle braking is pertained 
so that the braking force is gradually increased after the 
operation of the automatic brake device , for applying a first 
brake braking force whose braking force is limited . 
[ 0055 ] It should be noted that FO illustrated in FIG . 6 is the 
maximum value of the normal brake braking force by the 
automatic brake , and becomes the maximum braking force 
at time T0 after the operation of the automatic brake . Also , 
F1 is the maximum value of the first brake braking force 
whose automatic brake is limited as compared with the 
normal brake braking force , and becomes the maximum 
braking force at time T1 after the operation of the automatic 
brake . From the operation of the automatic brake to the time 
T1 , both the normal brake braking force and the first brake 
braking force are set to the relationship in which they are 
proportional with the elapse of time , and are set to the same 
braking force value . The normal brake braking force from 
the time T1 to the time TO is set to the relationship in which 
it further increases on the basis of the above - described 
proportional relationship . Here , the FO is previously set to 
avoid collision with the obstacle by the operation of the 
automatic brake , and is the maximum braking force that 
considers the allowance value for the distance between the 
obstacle and the vehicle body during the stop of the vehicle 
body after the operation of the automatic brake , and the F1 
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is the minimum braking force previously set to avoid 
collision with the obstacle , though the braking force is 
limited as compared with the FO . 
[ 0056 ] Upon receiving the instruction signal from the 
determination section 43 , the instruction signal output sec 
tion 45 outputs an operation signal to the directional sole 
noid valve 24 , and outputs a control signal corresponding to 
each of the braking control modes Q and Q1 to the propor 
tional solenoid valve 25. Also , upon receiving the instruction 
signal from the determination section 43 , the instruction 
signal output section 45 displays alarm display on the 
display screen of the display device 30 , and operates the 
alarm device 31 to generate the alarm sound , in order to 
notify the operator that the distance between the vehicle 
body and the obstacle is short . 
[ 0057 ] Next , the control processing by the brake controller 
27 will be described with reference to the flowcharts illus 
trated in FIGS . 7 and 8. It should be noted that for example , 
the processing indicated in S1 to S9 in FIG . 7 is started when 
the key switch of the engine 1 is turned on , and is repeatedly 
performed in a predetermined cycle ( for example , every 0.1 
seconds ) until the key switch of the engine 1 is turned off . 
Likewise , the processing in FIG . 8 is repeatedly performed 
in the predetermined cycle . 
[ 0058 ] First , in the first example illustrated in FIG . 7 , 
when the processing is started , the input section 40 acquires 
each of data about the traveling direction of the vehicle body 
outputted from the forward / reverse changeover switch 11 , 
the vehicle speed outputted from the vehicle speed sensor 
15 , and the height of the front working device 101 outputted 
from the angle sensor ( posture detection sensor ) 37 ( step 
S1 ) . It should be noted that in the first example , data about 
the steering angle outputted from the steering angle sensor 
38 is not used . 

[ 0059 ] Next , the determination section 43 determines 
whether or not the on is selected on the basis of the output 
signal from the automatic brake changeover switch 28 ( step 
S2 ) , and when the on is selected by the automatic brake 
changeover switch 28 ( step S2 / Yes ) , the directional solenoid 
valve 24 is switched to the open position to put the automatic 
brake device on standby in the standby state , and allows the 
display screen of the display device 30 to display that the 
automatic brake device is in the operation state . It should be 
noted that the directional solenoid valve 24 is held in the 
open position while the automatic brake changeover switch 
28 is on . On the other hand , when the automatic brake 
changeover switch 28 is off ( step S2 / No ) , the processing is 
ended . 

[ 0060 ] When in step S2 , the automatic brake changeover 
switch 28 is on , the determination section 43 acquires 
information about the presence or absence of the obstacle 
present rearward of the rear frame 120 and the relative 
distance between the vehicle body and the obstacle on the 
basis of the detection signal from the obstacle detection 
sensor 29 ( step S3 ) . Specifically , when the reversing of the 
vehicle body is selected from the output information of the 
forward / reverse changeover switch 11 acquired in step Si , 
the determination section 43 operates the obstacle detection 
sensor 29 for detecting the presence or absence of the 
obstacle present rearward of the rear frame 120 , and at the 
detection of the obstacle , also acquires , together with it , the 
information about the relative distance between the vehicle 
body and the obstacle from the obstacle detection sensor 29 . 

[ 0061 ] When in step S3 , the obstacle detection sensor 29 
has not detected the obstacle ( step S3 / No ) , the processing is 
ended . In this case , the instruction signal is not outputted 
from the determination section 43 to the instruction signal 
output section 45 , and the proportional solenoid valve 25 is 
at the closed position to close the duct 23b . Thus , the shuttle 
valve 26 selects the pressure of the duct 23a in which the 
brake valve 20 is provided , so that the hydraulic oil is 
supplied from the brake valve 20 to the disc brake 50 
according to the stepping amount of the brake pedal 22 by 
the operator , thereby reducing the speed of the vehicle . 
[ 0062 ] On the other hand , when in step S3 , the obstacle 
detection sensor 29 has detected the obstacle ( step S3 / Yes ) , 
the determination section 43 performs the determination of 
the braking control mode of the brake on the basis of the 
vehicle speed v of the vehicle body and the height h of the 
front working device 101 , which are outputted from the 
output section 42 of the main controller 10 . 
[ 0063 ] Specifically , the determination section 43 deter 
mines whether or not the height h of the front working 
device 101 is less than a predetermined height h1 ( step S4 ) , 
and when the posture of the front working device 101 is 
close to the traveling posture and h < h1 ( step S4 / Yes ) , 
determines whether or not the vehicle speed v of the vehicle 
body is less than a predetermined speed v1 ( step S5 ) . 
[ 0064 ] Here , the predetermined height h1 that is the 
threshold value of the height of the front working device 101 
and the predetermined speed v1 that is the threshold value of 
the vehicle speed are preferably appropriately set in consid 
eration of the weight balance of the entire wheel loader 100 , 
the safety , and the like . In this example , the predetermined 
height h1 is set to a height in which the posture of the aim 
111 is tilted forward with respect to the horizon and does not 
exceed the haulage posture , and the predetermined speed v1 
is set to the highest vehicle speed ( for example , 9 to 15 
km / h ) when the speed stage switch 8 selects the second 
speed stage . 
[ 0065 ] When in step S5 , the vehicle speed v of the vehicle 
body is low and v < v1 ( step S5 / Yes ) , the determination 
section 43 sets the braking control mode of the brake to the 
sudden braking control mode Q ( step S6 ) . That is , when the 
height of the front working device 101 is small and the 
vehicle speed is low , the influence on the vehicle posture is 
small even if the sudden braking is performed , so that the 
braking control mode of the brake is set to the sudden 
braking control mode Q. 
[ 0066 ] On the other hand , when in step S4 , the height h of 
the front working device 101 is equal to or greater than the 
predetermined height h1 ( hzhl ) ( step S4 / No ) , or when in 
step S5 , the vehicle speed v is equal to or greater than the 
predetermined speed v1 ( vzvl ) ( step S5 / No ) , the determi 
nation section 43 sets the braking control mode of the brake 
to the first limit braking control mode Q1 ( step S7 ) . That is , 
when the height of the front working device 101 is large , or 
when the vehicle speed is high , the vehicle posture can 
become unstable if the sudden braking is performed , so that 
the braking control mode of the brake is set to the first limit 
braking control mode Q1 . 
[ 0067 ] Next , the sequence goes to step S8 , and the deter 
mination section 43 executes the alarm process on the basis 
of the vehicle speed v acquired in step S1 and the relative 
distance between the vehicle body and the obstacle acquired 
in step S3 . Specifically , the determination section 43 outputs 
the alarm instruction to the instruction signal output section 



US 2021/0009116 A1 Jan. 14 , 2021 
6 

45 when the relative distance between the vehicle body and 
the obstacle is below the alarm threshold value correspond 
ing to the braking control mode set in step S6 or step S7 , and 
generates the alarm to the operator through the alarm device 
31 . 

[ 0068 ] Here , the alarm threshold value is set to be different 
for each braking control mode . In the sudden braking control 
mode Q , for example , the alarm threshold value is “ the 
vehicle speed of 10 km / h and the distance to the obstacle of 
6 m " , and when the relative distance between the vehicle 
body and the obstacle is below this threshold value ( 6 m ) , the 
alarm is generated from the alarm device 31. On the other 
hand , in the first limit braking control mode Q1 , for 
example , the alarm threshold value is “ the vehicle speed of 
10 km / h and the distance to the obstacle of 8 m ” , and when 
the relative distance between the vehicle body and the 
obstacle is below this threshold value ( 8 m ) , the alarm is 
generated from the alarm device 31. Thus , the first limit 
braking control mode Q1 generates the alarm to the operator 
earlier than the sudden braking control mode Q to prompt 
the brake operation . Of course , when the relative distance 
between the vehicle body and the obstacle is not below the 
alarm threshold value , the sequence goes to step S9 without 
generating the alarm . 
[ 0069 ] Next , the sequence goes to step S9 , and the deter 
mination section 43 pertains the processing for operating the 
automatic brake device on the basis of the vehicle speed v 
acquired in step S1 and the relative distance between the 
vehicle speed and the obstacle acquired in step S3 . The brake 
operation threshold value for operating the automatic brake 
device is previously set to each braking control mode , and 
when the relative distance between the vehicle body and the 
obstacle is below the brake operation threshold value , the 
determination section 43 operates the proportional solenoid 
valve 25 by the different characteristic according to the 
braking control mode set in step S6 or step S7 . 
[ 0070 ] In the specific description , in the sudden braking 
control mode Q , for example , the threshold value of the 
brake operation is “ the vehicle speed of 10 km / h and the 
distance to the obstacle of 2 m " and when the relative 
distance between the vehicle body and the obstacle is below 
this threshold value ( 2 m ) , the determination section 43 
outputs the control electric current having the maximum 
value ( for example , 20 mA ) through the instruction signal 
output section 45 to the proportional solenoid valve 25 to 
maximize the opening degree of the proportional solenoid 
valve 25 , thereby applying the sudden braking . 
[ 0071 ] On the contrary , in the first limit braking control 
mode Q1 , the threshold value of the brake operation is the 
vehicle speed of 10 km / h and the distance to the obstacle of 
4 m ” , and when the relative distance between the vehicle 
body and the obstacle is below this threshold value ( 4 m ) , the 
determination section 43 outputs the control electric current 
having about 70 % of the maximum value ( for example , 14 
mA ) through the instruction signal output section 45 to the 
proportional solenoid valve 25 , so that the opening degree of 
the proportional solenoid valve 25 is about 70 % , thereby 
applying the gentle braking . Then , when the processing in 
step S9 is performed , a series of processing in this cycle is 
ended . Of course , when in step S9 , the relative distance 
between the vehicle body and the obstacle is not below the 
brake operation threshold value , the processing is ended 
without operating the automatic brake . 

[ 0072 ] Next , a second example will be described with 
reference to FIG . 8 , but the description about the processing 
overlapping with FIG . 7 is omitted . In the second example 
illustrated in FIG . 8 , when the processing is started , the input 
section 40 acquires each of data about the traveling direction 
of the vehicle body outputted from the forward / reverse 
changeover switch 11 , the vehicle speed outputted from the 
vehicle speed sensor 15 , the height of the front working 
device 101 outputted from the angle sensor ( posture detec 
tion sensor ) 37 , and the steering angle outputted from the 
steering angle sensor 38 ( step S1 ) . 
[ 0073 ] Then , the feature of the processing according to the 
second example is in that step S3-1 is provided . In step S3-1 , 
it is determined whether or not the steering angle o is less 
than a predetermined angle 01 , and when it is determined 
that the steering angle O is equal to or greater than the 
predetermined angle 01 ( in the case of No in step S3-1 ) , the 
determination section 43 sets the brake braking control 
mode to the first limit braking control mode Q1 irrespective 
of the values of the height h of the front working device 101 
and the vehicle speed v of the vehicle body . Here , the 
predetermined angle 01 is appropriately set in consideration 
of the weight balance of the entire wheel loader 100 , the 
safety during traveling , and the like , and in this example , is 
set to , for example , about 30 degrees . It should be noted that 
the processing thereafter is the same as the first example . 
[ 0074 ] As described above , the wheel loader 100 accord 
ing to this embodiment includes the front working device 
101 provided in the front portion of the vehicle body , the 
automatic brake device ( the directional solenoid valve 24 
and the proportional solenoid valve 25 ) that automatically 
applies braking to the vehicle body , the speed stage switch 
8 that changes the speed stage of the vehicle body , the 
vehicle speed sensor 15 that detects the vehicle speed of the 
vehicle body , the angle sensor 37 that detects the height of 
the front working device 101 ( posture detection sensor ) , the 
obstacle detection sensor 29 that detects the obstacle present 
in the surroundings of the vehicle body , and the controller 
( the main controller 10 and the brake controller 27 ) that 
controls the operation of the automatic brake device on the 
basis of the detection signal from the obstacle detection 
sensor 29 , wherein the controller controls the automatic 
brake device to apply braking to the vehicle body by the first 
brake braking force weaker than normal when the height h 
of the front working device 101 detected from the angle 
sensor 37 is equal to or greater than the predetermined height 
hl , or the vehicle speed v detected by the vehicle speed 
sensor 15 is equal to or greater than the predetermined 
vehicle speed , and the obstacle has been detected by the 
obstacle detection sensor 29 , so that it is possible to reduce 
the damage caused by collision with the obstacle while 
preventing the vehicle posture from becoming unstable . 
[ 0075 ] Also , as in the second example illustrated in FIG . 
8 , three determination elements which are the braking con 
trol mode of the brake that are the height h of the front 
working device 101 , the vehicle speed v , and the steering 
angle o detected by the steering angle sensor 38 are used , the 
controller controlling the automatic brake device to apply 
braking to the vehicle body by the first brake braking force 
weaker than normal when at least one of conditions where 
the steering angle 0 is equal to or greater than the predeter 
mined angle , where the height h of the front working device 
101 is equal to or greater than the predetermined height h1 , 
and where the vehicle speed v is equal to or greater than the 
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predetermined vehicle speed is satisfied , and the obstacle 
has been detected by the obstacle detection sensor 29 , so that 
it is possible to prevent the vehicle tilt due to the sudden 
braking even when curve traveling is performed in the 
unstable work posture . 
[ 0076 ] However , the present invention is not limited to the 
two determination elements which are the braking control 
mode that are the height h of the front working device 101 
and the vehicle speed v , or the three determination elements 
which are the braking control mode that are the height h of 
the front working device 101 , the vehicle speed v , and the 
steering angle 0 , and for example , the loading amount of the 
bucket 112 may be used in place of the steering angle o to 
set the control mode on the basis of three determination 
elements which are the braking control mode that are the 
height h of the front working device 101 , the vehicle speed 
V , and the loading amount . 
[ 0077 ] It should be noted that the above embodiment is 
illustrated for describing the present invention , and the 
scope of the present invention is not intended to be limited 
to only those embodiments . Those skilled in the art can 
embody the present invention in other various forms without 
departing from the purport of the present invention . 
[ 0078 ] Also , in the above embodiment , the obstacle detec 
tion sensor 29 performs the sensing of the obstacle during 
the reversing of the vehicle body , but the period in which the 
sensing of the obstacle is executed is not limited to during 
only the reversing of the vehicle body , and for example , the 
sensing may be performed during only the forwarding and 
both the forwarding and reversing of the vehicle body . Also , 
a second limit braking control mode that operates the 
automatic brake device by a second brake braking force 
further weaker than the first brake braking force may be set 
to operate the automatic brake device in the second limit 
braking control mode that further limits the brake braking as 
compared with the first limit braking control mode depend 
ing on the conditions of various parameters such as the 
height of the front working device , the vehicle speed , and the 
steering angle . 

[ 0098 ] 29 ... Obstacle detection sensor , 
[ 0099 ] 30 display device , 
[ 0100 ] 31 alarm device , 
[ 0101 ] 32 hydraulic pump , 
[ 0102 ] 34 arm operation lever , 
[ 0103 ] 35 ... bucket operation lever , 
[ 0104 ] 36 . control valve ( directional control valve ) , 
[ 0105 ] 37 ... angle sensor ( posture detection sensor ) , 
[ 0106 ] 38 steering angle sensor , 
[ 0107 ] 40 . input section , 
[ 0108 ] 41 calculation section , 
[ 0109 ] 42 output section , 
[ 0110 ] 43 . determination section , 
[ 0111 ] 44 storage section , 
[ 0112 ] 45 . instruction signal output section , 
[ 0113 ] 50 . disc brake , 
[ 0114 ] 100 . wheel loader ( work vehicle ) , 
[ 0115 ] 101 front working device , 
[ 0116 ] 110 front frame ( vehicle body ) , 
[ 0117 ] 111 arm , 
[ 0118 ] 112 ... bucket , 
[ 0119 ] 115 arm cylinder , 
[ 0120 ] 116 bucket cylinder , 
[ 0121 ] 120 rear frame ( vehicle body ) , 
[ 0122 ] 121 operating room 

1. A work vehicle comprising : 
a vehicle body ; 
a speed stage switch that changes a speed stage of the 

vehicle body ; 
a front working device provided in a front portion of the 

vehicle body ; 
an automatic brake device that automatically applies 

braking to the vehicle body ; 
a vehicle speed sensor that detects a vehicle speed of the 

vehicle body ; 
a posture detection sensor that detects a height of the front 

working device ; 
an obstacle detection sensor that detects an obstacle 

present in surroundings of the vehicle body ; and 
a controller that controls operation of the automatic brake 

device on the basis of a detection signal from the 
obstacle detection sensor , 

wherein the controller limits a braking force of the 
automatic brake device in a case where the height of the 
front working device detected from the posture detec 
tion sensor is equal to or greater than a predetermined 
height , or the vehicle speed detected by the vehicle 
speed sensor is equal to or greater than a predetermined 
vehicle speed , and the obstacle has been detected by the 
obstacle detection sensor . 

2. The work vehicle according to claim 1 , further com 
prising a steering angle sensor that detects a steering angle , 

wherein the controller limits the braking force of the 
automatic brake device in a case where at least one of 
conditions where the steering angle detected by the 
steering angle sensor is equal to or greater than a 
predetermined angle , where the height of the front 
working device is equal to or greater than the prede 
termined height , and where the vehicle speed is equal 
to or greater than the predetermined vehicle speed is 
satisfied , and the obstacle has been detected by the 
obstacle detection sensor . 

REFERENCE SIGNS LIST 

[ 0079 ] 1 engine , 
[ 0080 ] 2 ... torque converter , 
[ 0081 ] 3 ... transmission , 
[ 0082 ] 8 . speed stage switch , 
[ 0083 ] 10 . main controller ( controller ) , 
[ 0084 ] 11 forward / reverse changeover switch , 
[ 0085 ] 12 accelerator pedal , 
[ 0086 ] 13 accelerator stepping amount detector , 
[ 0087 ] 14 . engine rotational speed sensor , 
[ 0088 ] 15 vehicle speed sensor , 
[ 0089 ] 20 brake valve , 
[ 0090 ] 21 ... hydraulic power source , 
[ 0091 ] 22 . brake pedal , 
[ 0092 ] 23a , 23b ... duct , 
[ 0093 ] 24 ... directional solenoid valve ( automatic brake 
device ) , 
[ 0094 ] 25 proportional solenoid valve ( automatic 
brake device ) , 
[ 0095 ) 26 ... shuttle valve , 
[ 0096 ] 27 . brake controller ( controller ) , 
[ 0097 ] 28 ... automatic brake changeover switch , 


